1.

Preparation and characterization of materials
Polycrystalline and single-crystal LiOsO 3 were prepared by solid-state reaction under high pressure from a mixture of Li 2 O (97%, Aldrich), OsO 2 (Os-84.0%, Alfa Aesar), and LiClO 4 (99.99%, Aldrich) in the molar ratio Li 2 O/OsO 2 /LiClO 4 = 0.5:1:0.125. The mixture was placed in a platinum capsule (6.9 mm in diameter and ~5 mm in height) and maintained at a pressure of 6 GPa in a belt-type high-pressure apparatus and at a temperature of 1200 °C for 1 hour (polycrystals) or 1600 °C for 5 hours (single crystals). LiClO 4 probably decomposed to LiCl and O 2 at the elevated temperature; LiCl may help the growth of crystals as a flux under these conditions, as well as the small temperature gradient (ΔT < ~50 K) in the capsule. After heating, the capsule was quenched to room temperature within a few seconds before the pressure was released.
We investigated the crystal structure of a single crystal of LiOsO 3 (inset, Fig. 1 ) by XRD. The crystal was mounted on the edge of a fine glass fiber, which was fixed in a diffractometer equipped with an area detector (SMART APEX, Bruker). The analysis failed, however, because of complex diffraction spots, which were likely caused by domain structures rather than the lattice. More than 10 attempts with different crystals were made, but a completely satisfactory result was not obtained.
Instead, we conducted a Rietveld analysis on the powder XRD pattern obtained from polycrystalline LiOsO 3 ( Fig. S1 and Table S1 ). We used monochromatic Cu-Kα radiation (λ = March-Dollase formula was used to correct for preferred-orientation effects. 2 Crystal structure visualization was achieved using the software VESTA. 3 In order to measure the net Li content, the polycrystalline LiOsO 3 was washed well in water and studied in an atomic absorption spectrometer (Varian Spectra, AA20). We used a Li standard solution (Kanto Chemical Co.) as a reference. The average Li content was 2.77%, which corresponds to the composition Li 0.98 OsO 3 .
Table S1
Interatomic distances and bond angles in LiOsO 3 .
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3.
Convergent beam electron diffraction (CBED)
The CBED method has been established as the most powerful technique for determining crystal symmetries of specimens with areas of a few nanometers in diameter owing to the nanometer-size electron probe employed and the strong dynamical diffraction (multiple diffraction) effect. [7] [8] [9] In particular, it is frequently used to analyze the electrostatic potential in ferroelectric materials. CBED experiments were performed using a transmission electron microscope (JEM-2010FEF) equipped with an energy-filter, which is very effective for reducing the background intensities of inelastically scattered electrons. CBED patterns were obtained from defect-free single domain areas of a few nm in diameter at an accelerating voltage of 100 kV with an acceptance energy width of approximately 10 eV.
Simulations of CBED patterns were performed on the basis of the many-beam Bloch-wave dynamical diffraction theory using the software MBFIT developed by Tsuda and Tanaka. 
Electronic structure
The electronic structure of LiOsO 3 was calculated within the generalized gradient approximation 12 of density functional theory. We used the WIEN2k program 13 , which is based on the full-potential augmented plane-wave (APW) methods. The spin-orbit interaction is included as a perturbation to the scalar-relativistic equations. The cut-off wave vector K for APW basis sets was chosen as RK = 8, where R is smallest muffin-tin radius, i.e., 1.6 (a.u.) for oxygen atoms. The integration over the Brillouin zone was approximated by a tetrahedron method with 182 k-points in an irreducible zone. 
